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Abstract 
 
Man’s day-by-day activities have a big impact on the environment so we continuously search for 
different methods of cleaning it. In this paper is studied a very efficient way to purify the residual waters using 
natural ions exchangers. There are made a series of studies above the zeolites, as a class of specific structure 
silicates. The main characteristic of the zeolites is the presence of some loose water molecules, the conceding 
and readmission of these being done without any damage to the crystal lattice. The paper contains a kinetic 
study regarding the copper’s elimination from the residual waters, using the Mirşid volcanic tuff. The 
experimental study of the ionic exchange reaction permitted the appraisal of the speed limit stage and the 
influence of the parameters over the purifying process of the residual waters. 
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1. Introduction. The description of the volcanic tuff 
 
The volcanic tuffs are magma rocks, by their 
mineralogical nature and sedimentary rocks, by their 
forming way. The ashes resulted from the explosive 
volcanic activity was transported by wind and 
settled in different sedimentary environments: sub 
volcanic, lacustrine and marine. They appear as a 
crystal accumulation or clastic fragments in 
association with different sedimentary rocks, the 
dimension of the constituent elements of the 
volcanic being of 4 mm. In terms of the variety, the 
rock is mainly composed of volcanic glass, 
fragments and different crystals. In fig.1 is 
presented the ternary diagram for the structural 
characterization of the pyroclastic rocks. A 
naturalist named Cronstedt discovered the zeolites 
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about 200 years ago. He observed the effervescence 
created by the elimination of the water when they 
were heated. Thus he called them zeolites based on 
the Greek words: “zeo” – to boil; “lithos” – stone. 
The zeolites constitute a class of silicates with 
specific structure. Their structure is based on the 
(SiO4)4- tetrahedron and in accordance to the way of 
the tetrahedrons settling, they enter in the tecto-
silicates class as the feldspars [2]. 
 
S - volcanic glass C – crystals F - fragments (lithic) 
 
 
 
 
 
 
Figure 1. The ternary diagram for the structural 
characterization of the pyroclastic rocks. 1 - vitroclastic 
tuff; 2 – crystaloclastic tuff; 3 – litoclastic tuff; 4 – 
vitrocrystaloclastic tuff; 5 – crystalo-vitroclastic tuff; 6 – 
crystalo litoclastic tuff 
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Appraisal study of the crystaline networks from 
the pyroclastic rocks 
 
 
 
 
 
 
 
Figure. 2. Polyhedrons formed of the (SiO4)4- and  
(AlO4)5- tetrahedrons 
 
 
 
 
 
 
Figure 3.The arrangement of the (SiO4)4- and (AlO4)5 
polyhedrons in the structure of a synthetic zeolite (A) and 
a natural zeolite (B) 
 
 
The main characteristic of the zeolites is the 
presence of some loose water molecules, the 
hydration, dewatering or prehension of these being 
done without any change to the crystal structure. 
This is the zeolitic water and it differs from the 
composition water that by heating is continuously 
eliminated, not in leaps [4].  
The zeolitic structures drained out of water or 
even cations, on the opened ways of the inter-
crystalline channels, can recharge with the 
molecules of other substances. The molecular 
separation (the ratio between the dimension of the 
channels end the critical diameter of the molecules) 
is the one who decides which molecules can enter in 
the structure of the crystal and which not. 
 According to the tetrahedron’s structural 
unit the zeolites are classified in five groups: 
 a) phillipsite 
 b) chabazite 
c) natrolite 
d) mordenite 
e) stilbite  
2. Study of the chemical and mineralogical 
composition of the tuff 
 
The clinoptilolite enters in the group of 
stilbite and is one of the most representative species 
from the volcanic tuff in our country [1]. The Mirşid 
tuff contains the clinoptilolite uppermost 
(approximately 70%), and as accompanying mineral 
the heulandite. The chemical and mineralogical 
composition of the tuff is shown in table 1. 
The value of the ionic exchange capacity, 
stated in mval/100 g, is: 
 
Ca2+ =90-110; Mg2+ =7-14; K+ =44-54; Na+ =3-7. 
Total =144-185 mval/100 g. 
 
  Table 1. 
Chemical 
component 
% Mineralogical 
component 
% 
SiO2 68.12-
70.06 
Clinoptilolite + 
heulandite 
20-80 
Al2O3 11.7-
12.62 
Volcanic glass 10-64 
Fe2O3 0.67-1.06 Quartz 2-5 
CaO 3.36-4.82  2-4 
MgO 0.55-0.82 Biotite 2-3 
K2O 2.20-3.52 Limonite, goethite 0.5 
Na2O 0.40-0.60 Celadonite, chlorite 1.2 
TiO2 0.18-0.24   
P.C. 8.40-
10.61 
  
 
The variety of natural volcanic tuff in our country 
was used in the next domains: 
 -to retain of the ammonium ion; 
 -to sweetening treatment the resulting gases 
from the non-ferrous metallurgical industry; 
 -to retain some heavy cations from the 
residual waters: Pb2+, Cu2+, Zn2+; 
 -to eliminate some organic polluters from 
the watter; 
 -in agriculture, at the fertilizing and 
reconditioning of the soils and as fodder additive. 
 
3.Kinetic study regarding the copper’s 
elimination from the residual watters using the 
mirşid volcanic tuff 
 
 The thermo dynamical, adsorbing and ionic 
exchange properties of the natural zeolites are 
determined both by the spatial lattice which 
determines the channel system that passes trough, as 
by the excess of negative charge due to the [AlO4]- 
tetrahedrons, which is compensated by the 
heterogeneous distribution of the cations in the 
network. The existing cations in the zeolite lattice 
are of two types: 
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Crushing 
Sorting 
Filtering 
Ionic exchange 
Drying 
Treatment 
with Na2CO3 
of pH=9 
Residual 
water 
Cu3+ 3g/l 
Decantation 
Filtering 
 
Drying 
 
Purified water 
Volcanic tuff 
(Cu shape) 
Mirsid volcanic tuff 
φ:0.25-2.5mm HCl 
Washing water 
pp at pH=7 
a) “localized” cations, bound in certain position 
forces of electrostatic nature; 
b)  “free” hydrated cations, randomly distributed 
in the vast cavities of the zeolites. 
The zeolitic structure drained out of water or 
even of the containing cations can recharge with 
other cations and so is explained the function of ion 
exchangers of the natural or synthetic zeolites [5].  
The clinoptilolite, uppermost in the Mirişd 
volcanic tuff, presents a two-dimensional system of 
inter-crystalline channels, in which the main 
channels are intersected with smaller channels. The 
effective diameter of the access windows to the 
channels can be modified by the treatment with 
mineral acids, which will eliminate the cations and 
the impurities from the zeolites channels. Their 
place will be taken by protons, which are smaller in 
diameter. In this way volume of the empty space 
from the channels and cavities grows thus raising 
the adsorbing capacity [3]. The equation of ionic 
exchange is: 
Cu2++2Z--H+↔Z-2-Cu2++2H+ 
This reaction pertains in the following 
category of processes: adsorption – chemical 
reaction – desorption and can be represented trough 
the characteristic equation: 
[Cu2+ + SO42- + H2O + A1”]1 + [Z - H + A2”] s→ 
[SO42- + H+ + H2O + A1”]1 + [Z2Cu + A2”]s 
Z – zeolite 
A1”, A2” – inert  
 
 
 
 
 
 
 
 
 
 
Two mass processes form taking into account 
the porous structure of the zeolite the global process 
of ionic exchange [7]: 
 the transfer process of the Cu2+ trough the 
fluid phase and the zeolite’s pores; 
 the mass transformation process, rendered by 
the equations: 
CuI2+↔Cu2+ads 
Cu2+ads +2Z--H+↔Z-2-Cu2++2H+ads 
H+ads↔ HI+ 
In accordance to the working conditions, any 
of the transformation or mass transfer processes can 
become speed determiner.  
The experimental study of the ionic exchange 
reaction permitted the appraisal of the speed limit 
stage and the influence of the parameters over the 
process [3]. It has been operated in an isothermal 
condition at different temperatures and at an agitator 
speed of over 400 rpm, at which the mass transfer 
trough the fluid phase cannot influence the global 
speed of the process. The liquor used was made in 
the laboratory by dissolving CuSO4·5 H2O in 
distilled water. It was worked with a concentration 
of 3 g Cu2+/l. The volcanic tuff was chemically 
treated, under agitation and a temperature of 20ºC, 
with a solution of 1M of chlorine hydride, in a ratio 
volcanic tuff: chlorine hydride of 1:5, for an hour. 
Then it was washed with distilled water until he 
reached pH=7 and dried at 105 ºC. The flow sheet is 
presented in figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. The flow sheet 
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The results obtained regarding the 
determination of the ionic exchange capacity are 
shown in table 2. The process evolution in time was 
watched trough the conversion factor η, which was  
determined knowing the initial concentration of 
Cu2+ and the time τ concentration of Cu2+. The 
calculation for the Cu2+ ions concentration was done 
calorimetric, using the photocalorimeter Φ [1]. 
 
  Table 2. 
№. Temperature 
ºC 
pH The liquor’s 
concentra 
-tion g/l 
The ionic 
exchange 
capacity mval 
Cu2+/100g tuff 
1. 20 7 3 58.75 
2. 20 9 3 467.18 
3. 30 7 3 61.52 
4. 30 9 3 485.12 
5. 50 7 3 65.32 
6. 50 9 3 489.56 
 
EK - 56π  with the filter 8 and at a 
wavelength of λ= 600 ±5nm. The colored Cu2+ 
complex was obtained by the correction of the 
hydronium ions concentration to pH=10 with a 
buffer solution (NH4Cl + NH3). 
 
 
 
Figure 5. The temperature influence upon the speed  
of the process 
 
 
 
Figure 6. The pH influence upon the speed of the process 
Taking the activation energy of the process as 
a criteria for the appreciation of the role that mass 
transformation processes have, it has been computed 
the activation energy for every single case. Upon the 
table data and considering that the ionic exchange 
reaction is I degree, were done the next 
representations: 
-ln(1-η)=f(τ), in figure 7 
 
 
 
Figure 7. The variation -ln(1-η)=f(τ) 
 
 
From the gradients of the obtained lines were 
calculated the reaction rate constants, in table 3: 
 
Table 3 
The temperature 
 ºC 
The reaction rate constant k, min-1 
 pH=7                         pH=9 
291 9.52·10-3                  1.55·10-2 
303 12.12·10-3                      ---- 
323 14.84·10-3                      ---- 
 
 
The activation energy of the process was 
determined based on Arrhenius’s equation. There is 
a graphic representation lnk = f(1/T), fig.8, the 
activation energy was calculated from the lines 
gradients. 
 
Figure 8. ln k = f(1/T) 
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The Arrhenius’s diagram has a knee, which 
means the process does not develop under the same 
rule for the entire studied period. At low 
temperatures, 291 – 303 K, the value Ea= 19.78 
KJ/mol, the activation energy shows that the process 
can develop after a combined model of transfer – 
mass transformation. At temperatures higher than 
303 K the activation energy has very low values, 
Ea= 5.9 KJ/mol, which means that limitative are the 
mass transfer phenomena [6]. 
To check if the process develops on its entire 
period after the same macrokinetic mechanism, it 
has been done the calculation of the activation 
energy by the horizontal section method. After this 
method the reaction rate constant, ki=1/τi, where τi is 
the time of contact and has been graphic 
represented, lnk = f(1/T), at different conversions. 
There have been obtained the figure 9 lines. 
 
Figure 9 
 
From the gradients of these lines have been 
computed the activation energies, which values are 
shown in table 4: 
 
Table 4 
The conversion Ea, KJ/mol 
0.1 1.38 
0.3 2.077 
0.4 4.155 
0.5 13.500 
0.7 12.465 
0.9 7.063 
 
The analysis of the numerical values 
presented in this table shows that at the beginning of 
the   process   the   activation  energy  has  very  low 
 
 
 
 
 values, which leads to the conclusion that limitative 
are the transfer processes. As the process advances, 
the liquor’s pH decreases, the ionic exchange 
reaction develops harder and the activation energies 
have higher values. It is possible that at the end the 
process to develop after a combined model: 
transformation – transfer of mass. 
 
4. Conclusions 
 
The gained results show the utility of using 
the Mirşid volcanic tuff to retain the copper ions 
from the residual waters. The volcanic tuff charged 
with copper ions has a blue tint and can be used as 
pigment for ceramic glaze. 
The using of the natural ions exchanger - 
Mirşid volcanic tuff - to retain the Cu2+ presents the 
following advantages: great natural availability, 
accessible exploitation, high resources, low price 
and recycle possibilities. The ionic exchange 
between the zeolite and the ions of Cu2+ is a process 
of type adsorption – chemical reaction – desorption 
and trough experimental research was obtained the 
conclusion that from the kinetic point of view, the 
transfer of the ions trough the zeolite’s pores 
conditions the process. The process is favored by 
the rising of: the temperature, the solution’s pH 
from the residual water, the Cu2+ ions concentration 
of the initial solution and the rising of the quantity 
of volcanic tuff. 
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